Abstract-Deposition of highly crystalline thin-films enables to enhance charge carrier transporting ability in electronic devices, like thin-film transistors. Herein, we propose a homogeneous deweeting method with high efficiency and low cost to fabricate organic crystalline films, then apply them into organic thin-film transistors, thus leading to high device performance. This strategy is promising for rollto-roll manufacturing electronic devices.
INTRODUCTION
Internet of Things (IoT) device was defined for the network to connect every single object, including displays, memory devices, RFIDs and power sources. Basically, realization of IoT relays on manufacture and integration techniques for large-area flexible electronic devices. However, regular electronic devices are generally fabricated using photo-or electron-beam lithography for patterning, which are indeed highly developed methods, but have poor efficiency, high cost and difficulty for fabricating flexible devices. Therefore, to exploit an alternative method instead of lithography has been highly concerned.
Inducing a unidirectional dewetting has been identified as the key strategy to the roll-to-roll integration of aligned crystal domains and to deposit uniform thin-film patterns for fully solutionprocessed electronics in low cost, high efficiency.
[1]- [5] Many efforts have contributed to exploiting the direction-controlled dewetting through adjusting the moving directions of substrates or modifying substrate surfaces using a special treatment, thereby yielding various ordered microstructure arrays. However, directional dewetting in a large-scale micro-droplet arrays (MDAs) was still a big challenge.
In this work, homogeneous dewetting on largearea MDAs (300 MDs, 4cm 4cm) was developed, which was caused by gravity-assisted deformation Corresponding emails: LIU.Xuying@nims.go.jp, MINARI.Takeo@nims.go.jp of droplets on a tilted substrate. It was found that increasing tilted angle enabled the deformation of droplets, thus leading to the homogeneous receding of upper contact lines from top to bottom on the MDAs. Moreover, this method allowed the deposition of discrete organic semiconducting thin films for fully-printed organic thin-film transistors (OTFTs). In particular, when applied a tilted angle of 90 degree, the obtained films exhibited the optimal surface morphology, which was also understood through a theoretical simulation. Furthermore, the dewetting behavior of water enabled the selective deposition of transition-metal oxides for modifying semiconductor/electrode interfaces to lower contact resistance. We found that the contact resistance significantly decreased from 14.9 kWcm to 3.8 kW cm in the fully-printed OTFTs, which is consistent with the result of the field-effect mobility (m FET ) increasing from 9.2 cm 2 V -1 s -1 (before treatment) to 13.1 cm 2 V -1 s -1 (after treatment).
EXPERIMENTAL PROCEDURY

Homogeneous dewetting on microdroplet arrays for large-area fabricating OTFT devices
Unidirectional dewetting enables the production of large-area thin films in low cost and high efficiency. Herein we report the homogeneously unidirectional dewetting on large-area microdroplet arrays, which was induced via the gravity-induced deformation in droplets combined with alternating lyophilic/lyophobic patterns (Fig. 1) . This process allowed the scaling-up deposition of thin films including organic semiconductors and transition metal oxides as the autogenous shrinkage of droplets, which further enabled the fabrication of large-area organic thin-film transistor (OTFT) arrays. Results indicated that the field-effect mobility and on/off ratio of fully-printed OTFTs exceeded 13 cm 2 V -1 s -1 and 10 8 , respectively.
Therefore, this dewetting method will be promising to realize the roll-to-roll manufacture of large-area flexible electronics. 
Patterning large-area crystalline thin film arrays via a centrifugal-force-driving dewetting
Controlling the crystal growth direction enables high-performance and high-uniformity organic devices. In this work, a centrifugal-force-driving dewetting on the rotating plate was developed for controlling the molecular orientation and growth direction as well (Fig. 2 and 3) . It was found that the crystal growth direction can be tuned by both adjusting tilt angle and rotating speed. When the rotating plate had a tilt angle of 60 degree, the device exhibited the highest mobility up to 8 cm 2 V -1 s -1 , while the lowest of 4 cm 2 V -1 s -1 was determined in the devices fabricated on the horizonal placed plate. In addition, the device performance was found to be rather uniform comparing with those by other methods, like shearing and dip-casting.
Vapor-Driven Spreading kinetics for Fabricating
One-Dimensional Nanostructures with In-Plane Alignment
Spreading of the droplet into a thin liquid film on a certain solid surface followed by solvent drying is the crucial process for the nanostructure formation.
However, such a thin liquid film was commonly observed to rupture due to the instability on a given surface. Here, we develop a technique to control the dynamical wetting of a solution droplet by the cosolvent vapor, which yielded a reversible spreading/dewetting process between the spherical droplet and the stable ultra-thin liquid layer on a hydrophobic surface (Fig. 4) . Our theoretical model indicates that this process was governed by the sorption of co-solvent vapor within the droplet which affects the surface free energy and thus lowers the contact angle (and film thickness which relates to disjoining pressure of the solid/liquid interface). Furthermore, the obtained ultra-thin liquid films allowed the in-plane alignment in onedimensional nanostructures. In particular, in-plane aligned organic single crystals unveiled a high fieldeffect mobility achieved up to 9.1 cm 2 V -1 s -1 . Fig. 4 . OTFT devices with In-plane crystalline films and device performance.
CONCLUSIONS
This strategy to prepare crystalline thin films for fabricating OTFT devices will be promising for low-cost, high-efficiency manufacturing of highperformance flexible electronics toward large-area IoT devices.
